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Abstract
We evaluate the predictions of the left-right symmetry model based on SU(2)⊗U(1)
gauge group with one bidoublet and one doublet Higgs fields on the parity violation,
charged leptons and neutrinos masses. Parity violation in the weak interaction is due
to the very large MWR mass compare to the MWL mass. The charged leptons acquire
a Dirac mass via ordinary Higgs mechanism, meanwhile the neutrinos acquire a very
small Dirac masses via seesaw-like mechanism with values m1 = 0.000043 eV, m2 =
0.008888 eV, and m3 = 0.014948 eV when ρ = 8.4×10−11, or m1 = 0.000014 eV, m2 =
0.003032 eV, and m3 = 0.050990 eV when ρ = 2.9 × 10−11.
1 Introduction
One of the models which is very successful phenomenologically in explaining both elec-
tromagnetic and weak interaction in a unified theory is the Glashow-Weinberg-Salam
(GWS) model. Even though the GWS model was successful phenomenologically, but it
still far from a complete theory because the GWS model blinds to many fundamental
1E-mail:d.asan@lycos.com
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problems such as neutrino mass and fermions (lepton and quark) mass hierarchy. Re-
cent experimental data on the atmospheric and solar neutrinos indicate strongly that
the neutrinos have masses and mixed up one another [1, 2, 3, 4, 5, 6, 7].
Many models have been proposed to extend the GWS model. One of the interesting
models is the left-right symmetry model based on SU(2)L ⊗ SU(2)R ⊗ U(1) gauge
group which is proposed by Senjanovic and Mohapatra [8]. Using the Higgs multiplets
XL ≡ (12 , 0, 1), XR ≡ (0, 12 , 1), and σ ≡ (12 , 12 , 0), Senjanovic and Mohapatra found
that the Higgs potential will be minimum when we choose the asymmetric solution to
the doublet Higgs fields vacuum expectation values. Within this scheme, the presence
of the spontaneous parity violation at low energy arises naturally, the dominant V-A
interaction at low energy can be understood, and the neutrino has mass which could
be arbitrarily small.
The spontaneous breakdown of parity in a class of gauge theories have also been
investigated by Senjanovic [9]. The left-right model for the quark and lepton masses
without a scalar bidoublet has been proposed which can predict a small neutrino mass
via a double seesaw mechanism [10]. But, this left-right model without bidoublet
Higgs leads to a non-renormalizable theory. Any viable gauge model of electroweak
interactions must give an answer to the two quite different problems: (i) the breaking
of symmetry from the full gauge group into electromagnetic Abelian group U(1)em
which give a mass to the gauge bosons and then explain the known structure of weak
interactions, and (ii) the mass matrices for fermions [11].
Motivated by the rich contents of the left-right symmetry model, in this paper
we evaluate the structure of electroweak interactions and neutrinos masses by using
the left-right symmetry model which is based on SU(2) ⊗ U(1) with one bidoublet
and one doublet Higgs fields. In this model, both left and right fermion fields are
represented as doublets of SU(2) group. In Section 2 we introduce explicitly our model
and take the minimum value of Higgs potential as the constraint in choosing the Higgs
vacuum expectation values. In section 3, we evaluate the gauge bosons masses and
its implications to the structure of electroweak interaction which is known dominant
V-A interaction. In section 4 we evaluate the leptons masses and calculate explicitly
the neutrinos masses. In section 5, we calculate the absolute neutrinos masses as the
implications of the model, and finally in section 6 we present a conclusion.
2 The Model
We use a left-right symmetry model based on SU(2) ⊗ U(1) gauge group. Both left-
and right-handed fermions fields are represented as doublets of SU(2)
ψL =
(
νl
l−
)
L
, ψR =
(
νl
l−
)
R
, (1)
where l = e, µ, τ .
To break the symmetry, we introduce two Higgs fields (one bidoublet (Φ) and one
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doublet (φ) of SU(2) gauge group) as follow
Φ =
(
w0 x+
y− z0
)
, φ =
(
k0
j+
)
. (2)
The bidoublet Higgs field Φ transform as Φ −→ UΦU †, and φ −→ Uφ, where U is an
unitary matrix. We assume that the bidoublet Higgs field is blind to the helicity. In
this model, we put the W aµ (a = 1, 2, 3) vector bosons in SU(2) space which undergoes
interactions with both Higgs and fermions fields. We assume that the W aµ to be pro-
jected into two components W a1µ and W
a
2µ due to its interactions with Higgs fields Φ
and φ respectively. Meanwhile, the fermions sector know the left-right symmetry and
then the W aµ to be projected to two components W
a
µL and W
a
µR due to its interaction
with ψL and ψR respectively. The W
a
µR and W
a
µL are related to the W
a
2µ and W
a
1µ as
follow
W aµR =W
a
1µ cos ζ +W
a
2µ sin ζ,
W aµL = −W a1µ sin ζ +W a2µ cos ζ, (3)
where ζ is the mixing angle which is related to the parity violation. Since at high
energy there is no parity violation, we then have ζ = 45o.
The Lagrangian density for kinetic energy and its self interactions LB in this model
is given by
LB = −1
4
(W aµνW
aµν +BµνB
µν), (4)
where
W aµν = ∂µW
a
ν − ∂νW aµ − gǫabcW bµW cν , Bµν = ∂µBν − ∂νBµ. (5)
To simplify notation, we do not write the index a further more.
The Lagrangian density for kinetic energy of leptons and quarks and its interactions
with bosons (Lk) read
LmB = Tr
∣∣∣∣(i∂µ − g2τW1µ)Φ− g2ΦτW1µ − g′ I2BµΦ
∣∣∣∣
2
+
∣∣∣∣(i∂µ − g2τW2µ − g′ I2Bµ)φ
∣∣∣∣
2
− V(Φ, φ), (6)
where I = B−L, and the Lagrangian density for fermions masses and its couplings to
Higgs fields (Lmf ) given by
Lmf = −mqαβ q¯αLiqβRj +Gqαβ q¯αLiΦαβij qβRj −mlαβ ψ¯αLiψβRj +G
′
qαβ
q¯αLiτ2Φ
αβ∗
ij τ2q
β
Rj
−mlαβ ψ¯αLiψβRj +Glαβ ψ¯αLiΦαβij ψβRj +G
′
lαβ
ψ¯αLiτ2Φ
αβ∗
ij τ2ψ
β
Rj + h.c. (7)
In this model, we assume that Glαβ >> G
′
lαβ
. According to the requirement that
Q 〈Φ〉 = 0, Q 〈φ〉 = 0, where Q is the electric charge operator, in this extended model
which the bidoublet and doublet Higgs fields transform as (2×2∗, 0) and (2,−1) under
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SU(2)⊗U(1) gauge group respectively. The Lagrangian density for Higgs potential is
given by
V(Φ, φ) = A(φ+φ) +BTr(Φ+Φ) + C(φ+φ)2
+DTr(Φ+Φ)2 + E(φ+Φ+Φφ) + (Fφ+Φφ+ h.c). (8)
where A, B, C, D, E, and F are parameters. Choosing the vacuum expectation values
of Higgs fields in eq. (2) to be
〈Φ〉 =
(
0 0
0 z
)
, 〈φ〉 =
(
k
0
)
, (9)
then Higgs potential density read
V = Ak2 +Bz2 + Ck4 +Dz4. (10)
The values of z and k which give the V to be minimum can be obtained from ∂V
∂z
= 0
and ∂V
∂k
= 0. Choosing the expectation values of the Higgs fields as in eq. (9), the fifth
and sixth terms in eq. (8) do not contribute to Higgs potential density V(z, k). Thus,
the minimum value of the V(z, k) depends only on the values of parameters A, B, C,
and D. If A, B < 0, then potential density will be minimum when the z and k values
are given by
z =
√
B
2D
, k =
√
A
2C
. (11)
From eq. (11) we can see that the values of z and k are independent from each other.
3 The Gauge Bosons Masses
From eq. (6), the mass term for gauge bosons read
LmB = Tr
∣∣∣∣−g2τW1µΦ− g2ΦτW1µ − g′ I2BµΦ
∣∣∣∣
2
+
∣∣∣∣(−g2τW2µ − g′ I2Bµ)φ
∣∣∣∣
2
. (12)
As we know from the experimental facts that the parity is violated maximally at low
energy, then we can put ζ = 0 to accommodate this parity violation. Thus, at low
energy, we then have
W aµR =W
a
1µ, W
a
µL =W
a
2µ. (13)
Inserting the value of B − L = 0 for bidoublet and -1 for doublet with the vacuum
expectation values in (9), at low enegy, the gauge bosons mass term reads
LmB = g
2z2
2
[(
W 11µ
)2
+
(
W 21µ
)2]
+ g2z2
(
W 31µ
)2
+
g2k2
4
[(
W 12µ
)2
+
(
W 22µ
)2]
+
g2k2
4
(
W 32µ
)2
+
g′2k2
4
(Bµ)
2 − gg
′k2
2
W 32µBµ, (14)
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where the index a has been dropped for simplicity. If we introduce a new physical
quantities W±µR and W
±
µL as
W±µR =
1√
2
(
W 11µ ∓ iW 21µ
)
, W±µL =
1√
2
(
W 12µ ∓ iW 22µ
)
, (15)
then eq. (14) becomes
LmB = g2z2W+µRW µ−R +
g2k2
2
W+µLW
µ−
L + g
2z2
(
W 31µ
)2
+
g2k2
4
(
W 32µ
)2
+
g′2k2
4
(Bµ)
2 − gg
′k2
2
W 32µB
µ. (16)
From eq. (16) one can see that the boson W 31µ is independent, but the W
3
2µ related to
the Bµ boson. The unrelated of the W
3
1µ boson to the Bµ boson due to the bidoublet
Higgs fields quantum numbers I = B − L = 0. Therefore we put this W 31µ boson
independently.
The mass terms for charged bosons can be obtained from eq. (16) in W±µL, and
W±µR basis. That charged bosons masses read
MWR = gz, MWL =
gk√
2
. (17)
From eq. (17), if z << k, then we have MWR >> MWL . In our left-right symme-
try model, both left- and right-charged current contribute to the effective Lagrangian
(Leff ) as
LLReff = −(
4GFL√
2
jµLj
†
Lµ +
4GFR√
2
jµRj
†
Rµ). (18)
where GFL/R is the Fermi coupling (
4GFL/R√
2
= g
2
2M2
WL/R
). Since MWL << MWR , it
implies that GFL >> GFR which mean that at low energy level our model predicts the
maximal parity violation.
The neutral gauge boson mass in eq. (16) are the third to sixth terms. The third
term can be separated from the other because this term is unrelated to the Bµ boson
field. This third term can be made to be independent as a new neutral massive boson
that has mass MW 3
1
= gz. The fourth, fifth, and the sixth terms in eq. (16) can be
written in a matrix form as
M2 =


W 32µ Bµ
W 32µ
g2k2
4
− gg′k2
4
B3µ − gg
′k2
4
g′2k2
4

. (19)
The mass matrix in eq. (19) have zero determinant, thus we then have one eigen-
value whose value is zero and another one which has non-zero eigenvalue. Explicitly,
the transformation from (W 32µ, Bµ) basis into (Zµ, Aµ) basis can be written as
Zµ =
gW 32µ − g′Bµ√
g2 + g′2
=W 32µ cos θW −Bµ sin θW ,
Aµ =
g′W 32µ + gBµ√
g2 + g′2
=W 32µ sin θW +Bµ cos θW , (20)
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where θW is the Weinberg angle or the weak mixing angle.
The zero eigenvalue is associated to the Aµ gauge boson which is known as the
electromagnetic field, and the non-zero eigenvalue is associated to the neutral weak
gauge boson Zµ with mass MZ . The square root of the eigenvalues of the mass matrix
in eq. (19) are the masses of the gauge boson Aµ and Zµ as follow
MA = 0, MZ =
k
2
√
g2 + g′2. (21)
4 The Leptons Masses
If all particles acquire their masses via Higgs mechanism, the mass term of the form
mlψ¯
α
Liψ
β
Rj should not contribute and the neutrino masses can be neglected due to the
assumption that Glαβ >> G
′
lαβ
. Thus, the charged lepton masses (me, mµ, mτ ) arise
only from the Lagrangian density in eq. (7), that is
Lmf = Glαβ ψ¯αLiΦαβij ψβRj
=
(
e¯L µ¯L τ¯L
)  Gleez
ee Gleµz
eµ Gleτ z
eτ
Glµez
µe Glµµz
µµ Glµτ z
µτ
Glτez
τe Glτµz
τµ Glττ z
ττ



 eRµR
τR

. (22)
The experimental facts show that there is no mixing in the charged lepton sector.
It implies that the value of Gαβ = 0 when α 6= β, thus the charged lepton mass matrix
read
ml =


eL µL τL
eR Gleez
ee 0 0
µR 0 Glµµz
µµ 0
τR 0 0 Glττ z
ττ

 (23)
where zee = zµµ = zττ = z is the vacuum expectation value of the Φ. The charged
lepton mass matrix in eq. (23) produces the charged leptons masses me = Gleez,mµ =
Glµµz, and mτ = Glττ z.
Due to the Higgs vacuum expectation values in eq. (9), the neutrinos do not
acquire a mass. But, the mass term for the neutrinos can be obtained by considering
the Lagrangian density which resulted from a seesaw-like interactions as shown in Fig.
1. The seesaw-like interaction is possible due to the existence of the following term in
Lagrangian density Fφ†Φφ and Glαβ ψ¯
α
LiΦ
αβ
ij ψ
β
Rj .
The Feynman diagram in Figure 1 gives an effective Lagrangian density (Lef )
Lef = Fφ
αφ¯β
M2
Φ
Glαβ ν¯
α
Lν
β
R, (24)
where F is the coupling between φ and Φ in eq. (8), Glαβ is the coupling of ν to Φ,
and MΦ =
√
B is the bidoublet Higgs mass. Since we have only one bidoublet and one
doublet Higgs fields, then eq. (24) read
Lef = Fφφ¯
M2
Φ
Glαβ ν¯
α
Lν
β
R, (25)
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φ
❍
❍
❍
❍
❍
❍
❍
❍
❍❥
φ¯
✉✟
✟
✟
✟
✟
✟
✟
✟
✟✟✯
Φ
✉ ✲ ν¯L
Figure 1: Feynman diagram for a seesaw-like interaction
Inserting the vacuum expectation values of Higgs fields in eq. (9)) into (25), we have
Lef = Fk
2
M2
Φ
Glαβ ν¯
α
Lν
β
R. (26)
Since the values of Gαβ = 0 when α 6= β as we have taken in the charged lepton
sector, then eq. (26) produces neutrino mass matrix in mass basis
m =
Fk2
M2
Φ

Glee 0 00 Glµµ 0
0 0 Glττ

 (27)
Since M2Φ = 2Dz
2 = B, then eq. (27) can be written to be
m =
Fk2
2Dz2

Glee 0 00 Glµµ 0
0 0 Glττ

 =

m1 0 00 m2 0
0 0 m3

. (28)
Thus, neutrino mass arising from a seesaw-like mechanism, and the neutrino mass
is a Dirac type with very small values. From eq. (28) we have
m1 =
FGleek
2
2Dz2
, m2 =
FGlµµk
2
2Dz2
, m3 =
FGlττk
2
2Dz2
. (29)
To obtain the normal hierarchy of neutrino masses (m1 < m2 < m2) in mass basis, we
must choose the values of the coupling Glee < Glµµ < Glττ as we have taken in charged
lepton sector.
5 Absolute Neutrino Mass
The charged lepton mass (ml) is generated via ordinary Higgs mechanism, while the
neutral lepton masses (neutrino masses) in this model is generated via a seesaw-like
mechanism. In the quark sector we have a mixing matrix VCKM which relates the quark
in mass basis with the flavor basis, while in neutrino sector there is also a mixing matrix
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VPMNS which relates the neutrinos in mass basis (ν1, ν2, ν3) with neutrinos in the flavor
basis (νe, νµ, ντ ). The mixing matrix VPMNS can be used to obtain the neutrino mass
matrix in flavor basis
mν = VPMNSmV
T
PMNS, (30)
wheremν is the neutrino mass matrix in flavor basis andm is the neutrino mass matrix
in mass basis. The explicit values of the neutrino mixing matrix obtained from the
experiment is given by [12]
|VPMNS | =

 0.79 − 0.88 00.47 − 0.61 < 0.200.19 − 0.52 0.42 − 0.73 0.58− 0.82
0.20 − 0.53 0.44 − 0.74 0.56− 0.81

. (31)
According to the requirement that the VPMNS matrix must be orthogonal and the
moduli values of its entries in simple numbers, then we put the VPMNS to be
VPMNS =

−2/
√
6 1/
√
3 0
1/
√
6 1/
√
3 1/
√
2
1/
√
6 1/
√
3 −1/√2

. (32)
If we use the VPMNS matrix in eq. (32), then eq. (30) becomes
mν = K

 a b bb c d
b d c

, (33)
where K = FA
12BC
, a = 4Glee + 2Glµµ , b = −2Glee + 2Glµµ , c = Glee + 2Glµµ + 3Glττ ,
and d = Gee + 2Gµµ − 3Gττ . The neutrino mass matrix in flavor basis (eq. (33)) have
the same pattern with the neutrino mass matrix proposed by Ma [13].
From eqs. (23) and (29), we have
m1 = ρme, m2 = ρmµ, m3 = ρmτ , (34)
where ρ = Fk2/2Dz3. From eq. (34) we can have
ρ =
√√√√m22 −m21
m2µ −m2e
=
√√√√ ∆m221
m2µ −m2e
. (35)
Global analysis on neutrino oscillation data gives [14]
∆m221 = 7.9
+0.27
−0.28 × 10−5 eV2,
∣∣∣∆m231∣∣∣ = 2.6± 0.2 × 10−3 eV2,
θ12 = 33.7 ± 1.3, θ23 = 43, 3+4.3−3.8, θ13 = 0+5.2−0.0, (36)
where ∆m221 = m
2
2 −m21,
∣∣∆m231∣∣ = ∣∣m23 −m21∣∣, θij in degree. The ∆m221 is obtained
by analysing the neutrino oscillations data, while
∣∣∆m231∣∣ is obtained by analysing the
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atmospheric neutrinos oscillations data. If we use the values of me = 0, 511 MeV, and
mµ = 105, 66 MeV together with the neutrino oscillation data in eq. (36), we then
have
ρ = 8.4× 10−11. (37)
Substituting the value of ρ in eq. (37) and me = 0, 511 MeV, mµ = 105, 66 MeV, and
mτ = 1776, 99 MeV into eq. (34), we then have the neutrino masses
m1 = 0.000043 eV, m2 = 0.008888 eV, m3 = 0.014948 eV. (38)
From eq. (34) it is also possible to have another value of ρ
ρ =
√
m23 −m21
m2τ −m2e
=
√
∆m231
m2τ −m2e
. (39)
Substituting the value of the me, mτ masses, and ∆m
2
31 into eq. (39), we then have
ρ = 2.9 × 10−11 (40)
If we use the value of ρ in eq. (40), me = 0, 511 MeV, mµ = 105, 66 MeV, and
mτ = 1776, 99 MeV, we then have the neutrino masses as follow
m1 = 0.000014 eV, m2 = 0.003032 eV, m3 = 0.050990 eV. (41)
6 Conclusions
Extension of the GWS model using left-right symmetry for fermions sector and based
on SU(2) ⊗ U(1) gauge group with two Higgs fields of SU(2) group (one bidoublet
and one doublet) break the symmetry spontaneously from SU(2) ⊗ U(1) down to
U(1)em. The spontaneously symmetry breaking gives masses to four gauge bosons
(W±L , W
±
R , ZL, W3) with masses MWL , MWR , MZ , MW3 respectively, and one photon
has zero mass. The model proposed in this paper can also produces MWL << MWR
which can be used to explain the parity violation. The charged lepton mass can be
generated via ordinary Higgs mechanism, while the neutrino mass is only generated
via a seesaw-like mechanism. The charged leptom masses have a normal hierarchy by
taking the coupling values Glee < Glµµ < Glττ . The charged lepton masses are related
to the Higgs potential parameters.
In this model, a tiny neutrino masses with Dirac type can be generated via a
seesaw-like mechanism which gives m1 = 0.000043 eV, m2 = 0.008888 eV, and m3 =
0.014948 eV when ρ = 8.4 × 10−11, or m1 = 0.00014 eV, m2 = 0.003032 eV, and
m3 = 0.050990 eV when ρ = 2.9× 10−11.
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